A prospective unmatched case-control study was conducted to determine risk factors for intestinal microsporidiosis in persons infected with human immunodeficiency virus (HIV) who had £200 CD4 cells/mm 3 . In multivariate analysis, case-patients (n Å 30) were more likely than were controlsubjects (n Å 56) to have £100 CD4 cells/mm 3 (odds ratio [OR], 6.5; 95% confidence interval [CI], 1 -42), to report male homosexual preference (OR, 7.6; 95% CI, 1 -59.5), and to report swimming in a pool in the previous 12 months (OR, 9.2; 95% CI, 2.1 -38.9). In summary, intestinal microsporidiosis in persons with HIV infection and £200/mm 3 CD4 cells is associated with male homosexuality and swimming in pools, suggesting fecal-oral transmission, including sexual and waterborne routes.
Microsporidia are obligate intracellular protozoan parasites
Methods that can infect both vertebrates and invertebrates. Over 1000
Patients and study design. The study population was defined species of microsporidia have been described, but reports of as all HIV-infected adults followed at the Infectious Diseases Divihuman infections were rare until recently. Since the AIDS sion clinic at Saint-Louis Hospital in Paris. Case-patients and con-(acquired immunodeficiency syndrome) epidemic, microspori- described [2] . Species were identified by electron microscopy analInformed consent was obtained from study participants.
ysis of duodenal biopsy tissue that showed typical morphologic intestinalis or E. bieneusi and appropriate controls as previously JID 1998;178 (September) Concise Communications were calculated with an exact method and quantitative variables observed in this study. This was associated with a 9-fold inwere compared using the Kruskal-Wallis nonparametric test using creased risk of intestinal microsporidiosis by multivariate analEpi Info software (CDC, Atlanta). Variables with P õ .2 were ysis, and 43% of case-patients reported this behavior. A prelimtested in a stepwise forward logistical regression model using inary report suggested that swimming in a fresh body of water EGRET software (SERC, Seattle). Significance level was set at was associated with intestinal microsporidiosis in HIV-infected P Å .05.
patients [4] . The presence of microsporidia in surface water samples also suggests the possibility of environmentally acquired infections [5, 6] . Also, E. bieneusi infection has been Results established in simian immunodeficiency virus -infected rhesus Thirty cases and 56 controls were included in the study. E.
monkeys following oral transmission of spores isolated from bieneusi was identified in 26 case-patients and E. intestinalis a patient with AIDS [7] . Ingestion of fecally contaminated in 2; for 2 case-patients, neither electron microscopy nor PCR fresh water is therefore a plausible mode of infection of huwas available for species identification. However, light microsmans, although drinking tap water was not associated with copy analysis of stool specimens from these patients was sugillness in our study. gestive of E. bieneusi infection.
Swimming in pools, reservoirs, or other bodies of surface Univariate analysis of risk factors associated with intestinal water is a well-known source of infection for cryptosporidiosis, microsporidiosis is shown in table 1. The median age for cases giardiasis, shigellosis, Escherichia coli O:157 H7, and hepatitis and patients was 37 years (range, 24 -61 and 24 -55, respec-A [8 -11] . Diatomaceous earth filters used in swimming pools tively). All case-patients were male versus only 49 (87.5%) of are efficient to remove 6 -10 mm Giardia cysts but have not control-subjects (P Å .09). Case-patients had lower median been shown to be efficient to filter smaller parasites, such as CD4 cells than control-subjects (24 vs. 43, P Å .3). The associCryptosporidium (3-6 mm) [8] . Microsporidial spores that are ation between a CD4 lymphocyte count of õ100/mm 3 and even smaller (1 -3 mm) are likely to escape such filtration illness was at the limit of statistical significance. Case-patients systems, and therefore physical treatments (e.g., chlorination, were more likely than were control-subjects to report swimuse of ozone) are the only possible prevention methods that ming in a pool in the previous 12 months and eating uncould be evaluated. There is currently little information availdercooked beef at least once a month. Other food preference able on the sensitivity of microsporidial spores to physical and histories and report of travel in foreign countries did not sigchemical disinfectants [12] . nificantly differ between cases and controls. In an analysis People who reported male homosexual preference were also restricted to male study participants, case-patients were more at increased risk of intestinal microsporidiosis in our study, likely to report male homosexual preference, but this was not and 93% of case-patients reported that behavior. Men who have statistically significant. sex with other men are at increased risk of microorganisms The multivariate analysis model was restricted to male study transmitted through the fecal-oral route, including nonpathoparticipants because of a male predominance among study pargenic amebiasis, giardiasis, hepatitis A, and other pathogens ticipants, a borderline association between male sex and case [13] . Specific mode of transmission of microsporidiosis among status, and the small sample size that did not allow us to add men who have sex with men is probably fecal-oral through an interaction term between reported sexual preference and direct sexual contact. Prevention strategies are difficult to imgender. In a model that adjusted for area of residence (using plement among men who have sex with men, because contacts three categories: Paris, Paris suburbs, and rest of France) and that can lead to transmission of enteropathogens by the fecalage (using 5 age groups), the only factors significantly associoral route can occur between sex partners who have protected ated with intestinal microsporidiosis were male homosexual sex. Education messages would have to specifically refer to preference, swimming in a pool in the previous 12 months, fecal contamination and need to be adapted to the context of and £100/mm 3 CD4 lymphocytes (table 2) . The association the safer-sex prevention messages. between consumption of undercooked beef and illness was no
The third risk factor for intestinal microsporidiosis identified longer observed when the analysis adjusted for these factors.
in this study was a CD4 cell count of £100/mm 3 . This confirms that patients with severe immunosuppression are at increased risk for developing this disease. The role of T cells in the Discussion defense against microsporidia has been well documented in animal models, where athymic mice infected with microsporiIdentification of risk factors associated with illness is necessary to understand modes of transmission of newly recognized infecdia die of the disease but can be protected by T cell transfers from sensitized euthymic donor mice [1] . tious diseases. This study identified three risk factors for intestinal microsporidiosis in HIV-infected patients with £200/mm 3 CD4 Other important potential sources of intestinal microsporidiosis were not associated with disease in this study. These lymphocytes: swimming in a pool in the previous 12 months, male homosexuality, and £100/mm 3 CD4 lymphocytes. include contact with pets and previous hospitalization. Although animals can be infected with different microsporidial Reporting swimming in a pool in the previous 12 months was the strongest single risk factor for intestinal microsporidiosis species, species causing intestinal microsporidiosis in humans / 9d50$$se05 08-04-98 08:40:22 jinfal UC: J Infect have only been found in pigs and monkeys to date [14] . With respect to nosocomial transmission, our study may have lacked 
